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This project is about smart technologies that have been developing for the last years and their 
implementation in the airport field.  
The report is divided into two parts: the first part deals with a theoretical study, whereas the 
second one is about the practical application of the previous analysis. 
In the first place, the concepts of smart technology and smart  airport are defined as well as 
every aspect that this implementation, in a certain area, involves. Next, some examples of the 
considered as the best airports in the world are shown. This list is based on either the 
technologies development or the passengers’ point of view. Also, the fields in which these 
technologies are mainly implemented are exposed. As it is shown along the report, the use of 
these technologies improves and eases the experience of both passengers and workers. But 
the fact that they are new means that the security to protect them from intruders’ attacks is 
still being developed. This is the reason why the possible attacks that could happen to 
communication network are analysed, too. 
The airport chosen for the second part of the project is the Taipei Songshan Airport, Taiwan. 
First of all, the actual existing technologies in this airport are analysed and it is studied if this 
airport could be considered smart or not. Therefore, a visit to the airport will be necessary. 
Secondly, a new application of smart technology is thought and developed at the mentioned 
airport. The proposal application is a sensor network deployed along the terminal able to 
locate luggage carriers. After this, the network is designed and finally the approximate budget 

















Aquest projecte tracta sobre les tecnologies intel·ligents que estant sent desenvolupades des 
de fa uns anys i la seva implementació al camp aeroportuari.  
El treball es divideix en dues parts: la primera tracta un aspecte més teòric i la segona tracta de 
l’aplicació pràctica dels temes estudiats en la recerca anterior. 
En primer lloc es defineix el concepte de tecnologia intel·ligent i aeroport intel·ligent i de tot el 
que comporta la implantació d’aquestes en una àrea concreta. A continuació es mostren 
alguns dels exemples dels aeroports actuals considerats com els millors del món, tan des del 
punt de vista de desenvolupament tecnològic com del tracte al viatger, i s’analitzen els camps 
en què aquestes tecnologies són utilitzades principalment. Com es mostrarà durant tota la 
memòria, l’ús d’aquestes tecnologies millora i facilita l’experiència de tots els usuaris d’un 
aeroport, és a dir, de passatgers i de treballadors. Però el fet que siguin tan noves implica que 
la seguretat per protegir-les dels atacs d’intrusos estigui encara en procés de 
desenvolupament. És per això que també s’analitzaran les possibles amenaces que poden patir 
les xarxes de comunicació. 
Per el desenvolupament de la segona part, l’aeroport escollit és l’aeroport de Songshan de 
Taipei, Taiwan. En primer lloc s’analitzaran les tecnologies existents en aquest aeroport i 
s’estudiarà si aquest pot ser considerat com intel·ligent o no, per aquest motiu serà necessari 
realitzar una visita a les instal·lacions. En segon lloc, es pensarà en una aplicació de tecnologia 
intel·ligent que encara no hagi estat implantada i es desenvoluparà a l’aeroport nomenat. 
L’aplicació proposta és una xarxa de sensors desplegada al llarg de la terminal que permeti 
localitzar els carros porta equipatges. A continuació, es dissenya la xarxa de sensors i per últim 
es farà el càlcul aproximat del pressupost que seria necessari invertir en cas de voler portar a 















Acknowledgements ....................................................................................................................... 3 
Abstract ......................................................................................................................................... 4 
Resum ............................................................................................................................................ 5 
Index .............................................................................................................................................. 6 
Index of figures .............................................................................................................................. 8 
Index of tables ............................................................................................................................... 8 
1. Introduction .......................................................................................................................... 9 
1.1. Background .................................................................................................................... 9 
1.2. Description of the research ......................................................................................... 10 
1.3. Smart technologies and the Internet of Things ........................................................... 10 
1.4. Introduction to smart technologies: sensors .............................................................. 11 
2. What is it a Smart Airport? .................................................................................................. 12 
2.1. In which fields at airports are these technologies used? ............................................ 12 
2.2. Nowadays, what airports are considered the most advanced ones? ......................... 13 
2.2.1. Singapore Changi Airport .................................................................................... 13 
2.2.2. Incheon International Airport, South Korea ........................................................ 14 
2.2.3. Munich Airport, Germany ................................................................................... 14 
2.2.4. Tokyo International Airport, Haneda, Japan ....................................................... 15 
2.2.5. Hong Kong International Airport ......................................................................... 15 
2.2.6. Chubu Centriar International Airport, Nagoya, Japón ........................................ 16 
2.2.7. Zürich Airport, Switzerland .................................................................................. 16 
2.2.8. London Heathrow Airport, United Kingdom ....................................................... 17 
2.2.9. Kansai International Airport, Osaka, Japan ......................................................... 18 
2.2.10. Hamad International Airport, Doha, Qatar ......................................................... 18 
3. Smart technologies applications at an airport [6][7] .......................................................... 19 
3.1. Problems of smart technologies implementation ...................................................... 23 
4. Songshan Taipei Airport ...................................................................................................... 24 
4.1. Taipei Songshan Airport history [11] ........................................................................... 24 
4.2. TSA characteristics ...................................................................................................... 25 
4.3. Analysis of smart technologies at Taipei Shongshan Airport, Could it be considered a 
smart airport? [13] .................................................................................................................. 26 
7 
 
5. Implementation of a new smart application at Shongshan Taipei Airport ......................... 28 
5.1. Positioning methods [15] ............................................................................................ 29 
5.1.1. Time of arrival (TOA) ........................................................................................... 29 
5.1.2. Round Trip delayed Time .................................................................................... 30 
5.1.3. Angle of Arrival (AOA) ......................................................................................... 31 
5.1.4. Received Signal Strength Intensity (RSSI) ............................................................ 31 
5.2. Localization technologies ............................................................................................ 32 
5.2.1. ZigBee .................................................................................................................. 33 
5.2.2. Bluetooth ............................................................................................................. 33 
5.2.3. Wi-Fi .................................................................................................................... 33 
5.2.4. RFID ..................................................................................................................... 34 
5.2.5. UWB (Ultra Wide Band) ...................................................................................... 34 
6. Sensor network design ........................................................................................................ 35 
6.1. Physical network ......................................................................................................... 35 
6.2. Fixed nodes position ................................................................................................... 36 
6.3. Calculation of the approximated budget .................................................................... 37 
7. Conclusions ......................................................................................................................... 38 
















Index of figures 
Figure 1: Singapore Changi Airport. ............................................................................................ 14 
Figure 2: Incheon International Airport, South Korea. ................................................................ 14 
Figure 3: Munich Airport, Germany. ........................................................................................... 15 
Figure 4: Tokyo International Airport, Haneda, Japan. ............................................................... 15 
Figure 5: Hong Kong International Airport. ................................................................................. 16 
Figure 6: Chubu Centrair International Airport, Nagoya, Japan.................................................. 16 
Figure 7: Zürich Airport, Switzerland. ......................................................................................... 17 
Figure 8: London Heathrow Airport, United Kingdom. ............................................................... 17 
Figure 9: Kansai International Airport, Osaka, Japan. ................................................................. 18 
Figure 10: Hamad International Airport, Doha, Qatar. ............................................................... 18 
Figure 11: End-to-End passenger journey. .................................................................................. 19 
Figure 12: Parking robot at Düsseldorf Airport. .......................................................................... 20 
Figure 13: Automatic check-in desks. .......................................................................................... 21 
Figure 14: Facial recognition systems. ........................................................................................ 22 
Figure 15: Humanoids at Haneda Airport. .................................................................................. 22 
Figure 16: Automatic boarding gates. ......................................................................................... 23 
Figure 17: Automated baggage loading system. ......................................................................... 23 
Figure 18: Songshan Airport application for smart devices. ....................................................... 26 
Figure 19: Digital lecture of fingerprints and signature. ............................................................. 27 
Figure 20: Automatic system for airplanes parking. ................................................................... 27 
Figure 21: Alert system for storm approach. .............................................................................. 28 
Figure 22: Surveillance multi-function system. ........................................................................... 28 
Figure 23: Scheme of the trilateration process. .......................................................................... 30 
Figure 24: Angles of Arrival and Sines Theorem. ........................................................................ 31 
Figure 25: Localization scheme by RSSI values. .......................................................................... 32 
Figure 26: SmartRF04EB with CC2430EM and Battery Board with CC2431EM. ......................... 35 
Figure 27: Measures of the terminal building. ............................................................................ 36 
Figure 28: Distribution of the sensors network. ......................................................................... 37 
 
Index of tables 
Table 1: Percentage of international flights in 2016. .................................................................... 9 
Table 2: Percentage of domestic flights in 2016. .......................................................................... 9 
Table 3: Top 10 best airports [2]. ................................................................................................ 13 
Table 4: Flight and passenger movements at Taipei Songshan Aiport from 2000 a 2015 [12]. . 25 
Table 5: Passengers terminal capacity at Songshan Airport. ...................................................... 25 
Table 6: Cargo terminal capacity at Aeropuerto de Songshan. .................................................. 26 





1. Introduction  
 
1.1. Background  
 
The global demand for flights has increased in the last few years, and it is still. According to the 
International Air Transport Association (IATA) about the global air traffic, the past 2016 had an 
increase in demand of 6.3%, with respect to 2015. In 2016, the airlines’ industry transported 
3,700 million passengers safety to their destinations, a record number. The opening of 700 
new routes and price reduction of about 44 dollars has contributed to it. Next, two tables 
collect IATA datum about percentages in international and domestic flights market [1].   
 Global (RPK) Growth w.r.t. 2015 
Africa 2.2 % 7.4 % 
Pacific Asia 32.9 % 8.3 % 
Europe 26.4 % 4.8 % 
Latin America 5.2 % 7.4 % 
Middle East 9.6 % 11.8 % 
North America 23.6 % 2.6 % 
TOTAL  - 6.7 % 
Table 1: Percentage of international flights in 2016. 
RPK: Passengers per kilometre transported [1]. 
 Global (RPK) Growth w.r.t. 2015 
Australia 1.0 % - 
Brazil 1.2 % - 5.5 % 
China 8.7 % 11.7 % 
India 1.3 % 23.3 % 
Japan 1.1 % - 
Russia 1.3 % - 
USA 14.9 % - 
TOTAL  - 5.7 % 
Table 2: Percentage of domestic flights in 2016. 
RPK: Passengers per kilometre transported [1]. 
 
Having into account datum shown, it can be determined that air traffic grows every year. 
Annually, millions of people pass the different airports of all over the world. With the aim of 
easing the movement of this big quantity of people, and cargo, airports and their surroundings 
have adapted measures so these movements can be done in a safe and efficient way. These 







1.2. Description of the research  
 
The aim of this project is to do a study of smart technologies and to analyse which ones of 
them are currently in the airport field and which new applications could be implemented with 
the objective of improving the users’ experience, either passengers or workers.  
The project is separated into two parts. The first one consists in a theoretical study of smart 
technologies and the use of this intelligence at the airports, an analysis of the fields in which 
they are used and some of the most attractive characteristics of the considered the ten best 
airports in the world will be commented. Besides, the technologies that a passenger with 
international destination crosses will be exposed since he leaves his home until he leaves the 
destination airport.  
In the second part of the project an intelligence analysis will be carried out at Songshan 
Airport, Taipei. After a visit, it will be determined if these technologies are present at this 
airport and whether it can be considered smart or not. A new idea of application will be 
chosen to be implemented at it and the sensor network to be deployed along the terminal will 
be designed. In the design of the network it must be taken into account how the sensors will 
be distributed and what type they will be, that is, it will be necessary to differentiate between 
fixed and mobile nodes, if they will be capable of analyze obtained data and where the 
Gateway will be. It should also be considered whether the sensors will be powered by 
batteries or if they will be connected to electrical power. 




1.3. Smart technologies and the Internet of Things 
 
It is understood as smart technology all devices that after receiving and external stimulus 
through their sensors, they will realize a concrete purpose. Each one of the devices consists of 
a microprocessor which after analysing the obtained datum will respond just as it has been 
programmed. The group of these technologies being used in a concrete space allows the 
interaction between the objects that surrounds us and the users. It is a physic world composed 
by sensors and actuators integrated in daily life objects and that are all connected between 
them.  
Nowadays, the first electrical appliances that used this intelligence, for example, are 
televisions or freezes. In these two cases, the television could detect if there is or there is not 
anyone watching it and turn itself off. This action would suppose energy savings while the 
refrigerator could detect if there is any food about to expire and could inform the user.  
What could happen if, in addition, we would connect these objects to the Internet? This 
concept is known as Internet of Things (IoT). They are a group of services, networks and 
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devices which collect, transmit, store, analyse and present the collected datum in different 
ways (voice, images and datum) improving the quality of users’ life in a concrete environment. 
They compose a system that connects different services in the same space avoiding all type of 
obstacles. 
The IoT will reach the moment in which every object around us will be connected to Internet, 
and they will be able to provide us information depending on the function of each one of them 
and be controlled from the distance with our personal devices. 
The Internet of Things, nevertheless, does not have just house applications. In the case that is 
being studied, it has useful applications. Terminal buildings thank to the application of smart 
technologies are able to managing themselves. This means that a reduction in the energy used 
and an increment in comfort and security can be achieved.  
 
1.4. Introduction to smart technologies: sensors  
 
For the application of these technologies it is necessary the properly functioning of network 
sensors, responsible for the development of their purpose.  
The sensors that compose these networks perform different phases depending on the 
actuation they are doing. It is a total of four phases: the first one is the collection of datum 
from the surround, for example, in the case of a system responsible for the temperature 
regulation, a group of sensors capable of measuring the temperature in a room will be needed. 
The second phase is the transmission of the information collected. In the application of the 
example the value of temperature obtained will be transported through the sensor network 
until the main node. The third phase is the storage and/or the analysis of the data. If the 
recollection of different information is needed, to avoid an overload of the network as well as 
and increment of the energy consumption, each one of the sensors can storage the 
information and send it at the same time. The actuation phase is the last of the phases. Once 
the main node or Gateway receives the datum it will have to give an order depending on that 
information. In this example, air conditioning will be turned on or turned off according to the 
environment temperature. 
The main purpose of their implementation at airports is to improve in sustainability and 
effectiveness fields and at the same time to achieve a reduction in costs. Using them, it is 
easier to make decisions in a collaborative way, as well as the interchange of information 
between passengers and airlines so they are able to know the status of the airport and the 





2. What is it a Smart Airport? 
 
An airport could be considered as a small city. Therefore, in the conversion from smart city to 
smart airport, the majority of the applications of these technologies will be the same or 
similar. 
Airport concept has changed completely in the last few years. One decade ago, the time spent 
at airports used to be a simple process, inevitable and uncomfortable, considered by 
passengers as a secondary procedure and being the flight the main event. Nowadays, the stay 
at them became a time in which it is possible to relax and enjoy. It stopped being a secondary 
process to become a fundamental part of the complete trip. They are seen as places of 
entertainment or business as they offer a lot of services to passengers to do these activities. In 
addition, they suppose a big help for people who work there, as they reduce the difficulty of 
their jobs.  
The main purpose of ICT to be implemented is to reduce as much as possible the costs and to 
transform the airport into a sustainable and efficient environment, so they are capable of 
solving problems dynamically or acting in advance in order to avoid them to appear. The key is 
to maintain the communication between the different fields at airports: handling operations, 
airlines, security, logistics and commercial area.  
The disadvantage with respect to the appearance of problems is the delayed flights and the 
lost luggage. A smart airport allows knowing at every moment the flights status and at the 
same time communicating it to the passengers. In addition, by mobile phones applications or 
through the airport internet connection the users can know if their flight left from the origin 
with delay, if their boarding gate changed or the location of their luggage at any time.  
Another possible application would be to approximately calculate check-in queue time. This 
would allow informing people beforehand the needed time, easing the process to passengers 
and workers at check-in desks. 
Finally, the new systems would let the constant adaptability of the airport resources, adjusting 
both terminal buildings and installations to changes. 
 
2.1. In which fields at airports are these technologies used? 
 
There are distinct classifications to differentiate the functions of smart technologies at 
airports. For example, if they are set aside for passengers or workers, that is if they are for 
public or private use. Their implementation can be directed to guarantee more security at the 
airport and its surroundings or oriented so the passenger is able to interact with the space 
greatly. In the two different parts, landside and airside, they can have different applications. At 
landside their use is applied to accelerate the processes through which the passengers must go 
as the check-in or the security and passport controls, guaranteeing the maximum security 
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required at airports. At the airside it can mean a simplification of work, speeding it up, and in 
consequence, more efficiency.  
They convert it into a more secure place since they allow responding quickly due to early 
alarms and the direct actuation at the concrete area of the attack. Thank to the huge number 
of cameras, a panoramic observation of surfaces, internals and externals, is allowed. In 
consequence, planning and controlling increases air and land capacity. In addition, the 
intelligent administration of the terminals decreases both costs and energetic consumption; 
therefore, the airport becomes a friendly environment space. 
 
2.2. Nowadays, what airports are considered the most advanced 
ones? 
 
To determine if an airport is smart or it is not is a difficult task as the intelligence can have 
different applications, as mentioned previously.  
The table that appears next show a list of the considered as the 10 best airports of the world in 
2016. 
1. Singapore Changi Airport 
2. Incheon International Airport, South Korea 
3. Munich Airport, Germany 
4. Tokyo International Airport, Haneda, Japan 
5. Hong Kong International Airport 
6. Chubu Centrair International Airport, Nagoya, Japan 
7. Zürich Airport, Switzerland 
8. London Heathrow Airport, United Kingdom 
9. Kansai International Airport, Osaka, Japan 
10. Hamad International Airport, Doha, Qatar 
Table 3: Top 10 best airports [2]. 
The reasons why there are in this list are presented below. This list has into account airport 
installations, rapidity with the processes, passengers’ opinions... 
 
2.2.1. Singapore Changi Airport 
It is one of the biggest Asiatic airports considering the number of passengers and cargo 
movements. It has been noted by people who participated in the surveys its comfort and its 
terminal services with entertaining areas such as cinemas or butterfly gardens, in which an 
important factor is the relaxation of its users. In it there are found rooms where everyone can 
take a nap, external swimming-pool, gyms and massages and beauty treatments, among 




Figure 1: Singapore Changi Airport. 
Reference: http://www.cpgcorp.com.sg/CPGC/Project/Project_Details?ProjectID=1122 
 
2.2.2. Incheon International Airport, South Korea 
It is the biggest airport at South Korea and with one of the biggest numbers in movements of 
flights. In addition, in it is possible to find the most developed technologies in Asia. It is the 
cleanest and the best one at international movements. It has a golf course and, spa, casinos, 
private relaxing rooms, gardens... it is calculated that the average departure and arrival time 
are 19 and 12 minutes, respectively, compared to worldwide average of 60 and 45 minutes. 
 
Figure 2: Incheon International Airport, South Korea. 
Reference: https://vuelosbaratosbaratos.com/incheon-en-corea-del-sur-un-destino-fantastico/ 
 
2.2.3. Munich Airport, Germany 
It is the second German airport with more air traffic, after Frankfurt Airport, with 42 million 
passengers the last 2016. This was the first airport to implement an application that allows 
knowing every corner of the airport and which is available before and after passing the 
security control. By the installation of moving cameras a digital map was created. It shows 




Figure 3: Munich Airport, Germany. 
Reference: http://www.familie-sterr.eu/2013/02/flughafen-munchen-hdr-bilder-feb-2013/ 
 
2.2.4. Tokyo International Airport, Haneda, Japan 
Haneda Airport received more than 75 million passengers in 2015, being the third position in 
movements in Asia and the fifth in the rest of the world. In this airport it is possible to find 
bilingual humanoids capable of offering information about any point in the terminal. Also, it is 
tried to incorporate exoskeleton to ease the loading and unloading of luggage to the workers.  
 
Figure 4: Tokyo International Airport, Haneda, Japan. 
Reference: https://www.kyotostation.com/traveling-between-kyoto-and-haneda-international-airport/ 
 
2.2.5. Hong Kong International Airport 
It is one of the busiest airports in the world and the second in cargo movements. This airport 
built on an artificial island, allows the transport of people through the terminals thanks to the 
mobile walkways and the internal train that consists of three stations and circulates at 62 
km/h. In addition, at the airport is the IMAX theatre with the largest screen in Hong Kong and a 




Figure 5: Hong Kong International Airport. 
Reference: http://www.nairaland.com/818151/hong-kong-international-airport-named 
 
2.2.6. Chubu Centriar International Airport, Nagoya, Japón 
It is the second Japanese airport in the top-ten list of the best worldwide airports. Hong Kong 
Airport was built above an artificial island and it is one of the most modern airports. It has 
relaxing rooms where passengers can take a shower after travelling and observe landings and 
takings off. The structure of the airport makes the internal distances to be reduced and due to 
biometric terminals it is estimated that the maximum time for boarding processes can be 24 
minutes [3]. 
 
Figure 6: Chubu Centrair International Airport, Nagoya, Japan. 
Reference: https://www.linkedin.com/pulse/worlds-top-10-cleanest-airports-business-travel-oliver 
 
2.2.7. Zürich Airport, Switzerland  
It is the biggest and it registers the largest number of traffic operations in the whole country. 
Over 27.5 million passengers pass through it every year. The new handling system allows the 
luggage movement in the minimum time and their distribution to more than 100 destinations. 
17 
 
In addition, it has an X-Ray scan with high velocity conveyor belts that detects luggage 
containing dangerous materials. In it is also possible to find an anti-ice system that decreases 
the time that airplanes must spend on land in winter [9].  
 
Figure 7: Zürich Airport, Switzerland. 
Reference: http://vizts.com/zurich-airport/ 
 
2.2.8. London Heathrow Airport, United Kingdom 
This is the airport with more air traffic in Europe, about 75 million passengers annually. 
Wireless broadband internet access, IP telephony or last generation video are some of the 
most remarkable aspects among the most important ones. With the use of smart technologies 
it has been developed a shopping service that increased the airport businesses benefits [4].  
 





2.2.9. Kansai International Airport, Osaka, Japan 
It was the first floating airport and it accepts more than 20 million travellers every year. It was 
designed to be auto sufficient; it has its own transport network, exclusive for passengers and 
workers, composed by luxury taxis, ferries, buses and trains, as well as an internal train that 
guarantees to arrive to any point of the terminal within 90 seconds. It consists of a recycling 
and an incineration plants, a port and a power plant [5].  
 
Figure 9: Kansai International Airport, Osaka, Japan. 
Reference: https://waytogo.cebupacificair.com/kansai-international-airport-osaka/ 
 
2.2.10. Hamad International Airport, Doha, Qatar 
It is characterised by being the most luxurious. With air traffic of 21 million passengers, in it 
health resort services, exhibitions rooms and even five hippodromes are found. It is 
remarkable the big security level as it has systems capable of detecting and identifying 
explosives, suspicious bags or organic materials, what increases the efficiency and the air 
operations capacity. 
 





3. Smart technologies applications at an airport [6][7] 
 
Technology makes huge progresses and every moment there are new applications that can be 
implemented at airports. Next they will be detailed explained, from the used in the smallest 
airports to the leading ones. 
The steps of a passenger who arrives from his home to the airport, with international 
destination, until the arrival when he picks up his luggage and leaves the destination airport 
will be followed.  For each one of the applications it will be shown an existing example of 
airport in which they are currently functioning.  
 
Figure 11: End-to-End passenger journey.  
First of all, the passenger must arrive to the airport via public transport or private transport. In 
the case of the public transport, in his mobile phone he will be able to know timetables and 
the needed time to get there. In the opposite case, also using an application he will know the 
condition of roads, this means, it will be possible to know if there are retentions or not, and 
the most direct route from the departure place. Once there a robot will park the car 
automatically1. 
At the terminal the passenger must walk to the check-in area of the company with which he 
will fly. He will receive a notification at his personal device about flight information and the 
waiting time at the security control zone [4]. However, if the passenger used the train to get to 
the airport he would have been able to do the check-in at the train station in the city. He does 
not have to worry about his luggage until getting to the destination2. To find the check-in 
desks, smart phones will be used as GPS3 what will allow locating yourself anywhere at any 
time before the security filter and at the airside to find the boarding gate or the smoking area, 
for example. In addition, to be connected to the internal airport network the passengers will 
receive advertisements about shops and restaurants even personalized.  
Every person can do the check-in in an autonomous way; the procedure can be done at the 
automatic check-in desks4. By a lector they can read the passport or ID card and once the flight 
datum has been introduced they print the boarding pass.  
The next step is one of the longest procedures, the security and the passport controls. 
However, there is no need to take off electrical devices such as laptops, phones, liquid 
containers from carrying luggage or belts and watches as there are new scans5 able to analyze 
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every type of object. The passport control is not a long process due to intelligent facial 
recognition systems6 reducing not only time but the possibility of losing personal documents.  
By camera networks7 distributed along the terminal the passengers’ movement is monitored. 
This allows knowing the more congested areas and the time needed to pass them.  
Once the controls have been passed, the passenger can enjoy some entertaining time visiting 
shops or restaurants. Some airports such as Changi, in Singapore or Incheon in South Korea, 
have spas, gardens, swimming-pools and cinemas. While enjoying any of these services, it is 
possible that the passenger forgets the departure time or the boarding gate. In this case, he 
may need quick help. He can turn to small humanoids8 (60 cm) distributed along the building 
who offer boarding gates and timetables information. If the origin airport has various 
terminals, using an internal train, which goes to all the buildings, guarantees the fast transport 
to any of them. 
At the boarding moment, the passenger must go to the boarding gates9, which are automatic. 
The gates have a lector where the passenger must show the printed code in the boarding pass 
or in the smart phone. 
At the destination airport, the main worry for many of the passengers is to know if their 
luggage arrived with them or it has been lost. But this is easy to know just checking personal 
devices as luggage add a locating chip. Now, the passenger must go to conveyor belts to pick 
up the suitcase. This is the last step before leaving the airport and also one that takes some 
time. This chip10 also will allow the workers to locate the owner and accelerate the delivery 
process. This system is used in connection flights, as well.  
The transport of suitcases is done by conveyor belts to the place where staff load them into 
vehicles that take them to the airplane, where automatically they are put into the airplanes’ 
hold11. 
(1). At Düsseldorf Airport, Germany, and automatic parking service has been implemented. 
This robot scans vehicles to obtain the measures and parks it. In addition, it reads the number 
plate and links it to the owner flight so it knows the arrival time and can have the vehicle ready 
at that certain time [5]. 
 





 (2). At Taoyuan Airport, Taiwan, the check-in can be done at the train and subway stations in 
the city where the train to the terminals is taken. Therefore, it is not necessary to load with the 
luggage in the journey. 
(3). At San Francisco Airport, USA, by the use of localization beacons, personal devices with 
internet connection to the airport network or Bluetooth connection are able to locate yourself 
in the airport terminal map as well as knowing all the establishments around you. This airport 
is also testing auditory indications for people with visual difficulties.  
(4). Helsinki Vantaa Airport, in Finland incorporate automatic desks in which it is possible to do 
the check-in, even when carrying big luggage, in an autonomous way. In the case of carrying 
check-in luggage, the screen of the desks shows the number of the left-luggage office where it 
must be taken, avoiding this way long queues.  
  





(5). Schipol Airport, Amsterdam, Holland, in which these new scans are found. They analyze 
the interior of bags without need to take off metal or electrical objects. Nowadays, it is being 
studied the possibility of a scan able to analyze passengers in movement to determine what 
type of objects they are carrying in their pockets. These scans will be able to recognize if the 
objects are just coins, or on the contrary they can be dangerous. In this case, the airport staff 
would be alerted to do an exhaustive inspection [8].  
(6). Dallas International Airport, USA. New passports implement chips in which all the personal 
information is kept. The facial recognition systems read this information and compare the 









(7). London City Airport, United Kingdom, this camera network control the movements in the 
whole terminal, that is why it is possible to warn passengers in advance so they can avoid 
congested areas or reorganize their activities in order to be on time for the flight departure 
[13].  
(8). Haneda Airport in Tokyo, Japan, this humanoids in testing phase are able to answer seven 
different questions as the boarding gate location or the weather at the arrival city in Japanese, 
and soon in English and Chinese, too. The third version of this robot can also move and it is 
capable of cooperating with another robot by their sensors for a better actuation depending 
on the passengers’ requests [9]. 
 
Figure 15: Humanoids at Haneda Airport. 
Referencia: http://es.ipcdigital.com/wp-content/uploads/2016/02/Robot.jpg 
 
(9). McCarran Airport in Las Vegas, USA, incorporate fourteen automatic boarding gates in 
which passengers can realize the process  by themselves. These gates have a lector which 
reads the code and in case of a last moment seat number change, they can print a new 




Figure 16: Automatic boarding gates. 
Reference: http://www.kaba.es/media-resized/818628/v5/resized752x-1/control-automatico-de-tarjetas-de-
embarque.jpg 
(10). Calgary International Airport, Alberta, Canada, uses a location luggage system based on a 
microchip that speeds up the delivery of suitcases reducing the waiting time, and in addition, it 
eases the work in scale flights, guaranteeing more flow in the process   
(11). At Zürich Airport, Switzerland, an automated baggage loading system reduces manual 
work, costs and time, as the number of workers needed for process is reduced at the same 
time improves safety and quality. 
 
Figure 17: Automated baggage loading system. 
 
3.1. Problems of smart technologies implementation 
 
At the same time that the technology advances, the threats that they can suffer also advance. 
In a place where everything works in an automated way, it is not surprising that the risk of 
sensor networks being hacked or that intruders can access to confidential data and that, in 
addition, can modify them, is high. 
The main risks that arise from not ensuring a wireless network correctly are data interception, 
access to a local network, interferences caused to hinder transmission and denial of service 
attacks that can render the network unusable. 
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In the context of the airport these threats could mean access to confidential data of 
passengers from unauthorized persons. At the risk of data interception, the intruder could 
access airline data, which stores personal data of thousands of people, and steal or destroy 
this information. 
Airports that make use of Internet of Things and incorporate intelligent components are 
exposed to new and greater surfaces of attack; so it is of vital importance to guarantee the 
security to know how to identify these threats and to increase the level of surveillance. 
Therefore, the main objective will be to prevent these attacks, or be able to detect if there has 
been a problem that prevents the correct operation of the network, and repair it as soon as 
possible avoiding that it affects the entire network. 
 
4. Songshan Taipei Airport  
 
4.1. Taipei Songshan Airport history [11] 
 
Taipei Songshan Airport is an airport located in Songshan, Taipei, (Taiwan) built in April 1950, it 
was the first aviation terminal in the country, responsible for offering national transport 
services, in the first moment, and international after. Due to economic growth, the increment 
of passengers’ movements and the launch of international flights its installations were 
remodelled and extended so the airport was able to absorb air traffic volume. But because of 
the limited space that surrounds it, the surface was not enough. This was the reason why 
international flights were relocated in 1979 in the known as Chiang Kai-Shek International 
Airport, currently named as Taoyuan International Airport. Since that moment the Songshan 
Airport became a domestic flights airport, exclusively. 
Due to liberation politics in 1987, new airlines started to offer flights what made increase flight 
services around the island and insular areas on high seas. But these services were affected by 
the rise of oil price and the launch of the high speed railway service and highway in land 
transportation system on the western corridor of Taiwan. However, in 2008, the opening of 
cross-strait weekend charter direct flight services, and daily flights, improved the situation. 
With this fact airport businesses have been improving continuously. In June and October 2010, 
there were direct flight established between Songshan and Hongqiao and Songshan and 
Haneda, reappearing international flights.      






Flight movements Passengers 
International Cross-
strait 
Domestic Total International Cross-
strait 
Domestic Total 
2000 - - 161.919 161.919 - - 11.110.743 11.110.743 
2001 - - 151.617 151.617 - - 10.092.269 10.092.269 
2002 - - 139.112 139.112 - - 8.789.651 8.789.651 
2003 - - 118.886 118.886 - - 8.108.710 8.108.710 
2004 - - 110.806 110.806 - - 8.349.732 8.349.732 
2005 - - 98.479 98.479 - - 7.596.578 7.596.578 
2006 - - 87.955 87.955 - - 6.728.709 6.728.709 
2007 - - 68.064 68.064 - - 4.470.859 4.470.859 
2008 - 1.033 48.231 49.264 - 150.138 2.951.716 3.101.854 
2009 159 4.092 40.404 44.655 862 577.243 2.512.961 3.091.066 
2010 1.269 5.986 41.670 48.925 191.259 882.184 2.639.398 3.712.841 
2011 6.065 7.553 44.567 58.185 1.170.351 1.161.254 2.927.370 5.258.975 
2012 7.385 8.751 42.034 58.170 1.400.493 1.335.552 2.940.366 5.676.411 
2013 7.973 8.822 43.271 60.066 1.578.993 1.394.924 2.873.358 5.847.275 
2014 8.299 10.181 43.401 61.881 1.657.404 1.643.704 2.804.295 6.105.403 
2015 8.396 10.226 38.975 57.597 1.657.551 1.689.181 2.515.170 5.861.902* 
Table 4: Flight and passenger movements at Taipei Songshan Aiport from 2000 a 2015 [12]. 
 
* Despite the reduction of air traffic in 2015 with a percentage of 6.92% with respect to the 
year before, which in landing and taking off movements went from 61881 to 57597, the 
revenue rose a 7.26% with a growth in benefits of 13.08%.   
 
4.2. TSA characteristics 
 
Songshan Airport is a medium size airport located 5.48 m above the sea level. It has a surface 
of 182 hectares, 87.21 of which are reserved for civil aviation. It has a runway oriented from 
east to west which is 2,605 m long and 60 m width. It consists of six taxiways, room for 45 fix-
wing airplanes and seven helicopters parking lots, and eight passengers’ bridges, three of 
which are double bridges. 
The runway capacity is 34 flights per hour and it can support airplanes of the size of an A330-
300. 
Next tables show annual capacity at passengers and cargo terminals for domestic and 
international flights. 
Passengers terminal 
Terminal 1 (international flights) Terminal 2 (domestic flights) 
Annual capacity 3.8 million pax. Annual capacity 2.8 million pax. 
Ground surface  59,518 m2 Ground surface 18,115 m2 





International cargo terminal Domestic cargo terminal 
Annual capacity 24000 tonnes Annual capacity 14000 tonnes 
Ground surface 2,412 m2 Ground surface 560 m2 
Table 6: Cargo terminal capacity at Aeropuerto de Songshan. 
 
4.3. Analysis of smart technologies at Taipei Shongshan Airport, 
Could it be considered a smart airport? [13] 
 
Airports are places were security levels are really high and it is difficult to access to them 
except for passengers and workers. This is why the analysis of the existing technologies in it 
has been difficult to accomplish, especially for those located in the airside, once the security 
control is passed. Even though, main technologies are presented below.   
First of all, before getting to the airport it is possible for the passenger to use a Google Street 
View application which show the inside areas of the airport and allows passengers to know 
where check-in desks, restaurants and shops are located. Once in the terminal the internal 
internet network and its services are available. 
 
Figure 18: Songshan Airport application for smart devices. 
 
The check-in procedure can be done in an autonomous way using automatic check-in desks, 
avoiding unnecessary lines. In addition, e-Gate systems let the passengers get an automatic 
authorization by biometric systems and the lecture of the fingerprint and the digital signature, 




Figure 19: Digital lecture of fingerprints and signature. 
 
Smart technologies implemented for the exclusive use of workers are those that make easier 
for the pilots the driving task of airplanes through the taxiways and those that help to 
guarantee the security inside the facilities, either avoiding entrance to intruders or by alarm 
systems in case of a storm approaching.  
The airport has an automatic guidance system for pilots, so they are able to park airplanes in 
the right position.  
 
 
Figure 20: Automatic system for airplanes parking. 
  
An alarm system in the control centre alerts in case a storm is within 8 km or 3 km radius by 
voice and lighting warnings, yellow and red, respectively. Once there is no danger, lighting 




Figure 21: Alert system for storm approach. 
 
Finally, an airport perimeter protection system consisted of cameras with different functions 
(thermal cameras, low lux, multipurpose). In addition, it has a laser detector and an electronic 
fence that surround all the zone, and in case they detect an intruder, the airport security staff 
is notified [14].    
 
Figure 22: Surveillance multi-function system. 
After knowing the smart technologies in Taipei Songshan Airport, it could be said that it is 
starting to be intelligent although it has a long way to go as in comparison with other airports 
the technologies and the services that it offers are not that advanced. 
 
5. Implementation of a new smart application at Shongshan 
Taipei Airport 
 
In previous sections, smart technologies applications at airports from all over the world have 
been presented and, in particular, applications at Songshan airport. The objective at this point 
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is to develop the idea of a new application and to calculate the needed budget to implement it 
at the airport.  
The idea is a sensor network able to locate along the terminal luggage carriers. This system 
would be used by both workers and passengers. The staff responsible for collect he dispersed 
carriers will be able to locate them checking the terminal map, reducing the time of their work. 
The passengers will easily locate them with no need to walk to find them.   
By a device with connection to the internal network or using Wi-Fi connection, it will be 
possible to access to the current existing airport application, which allows to place yourself and 
locate any establishment, and that will show the position of the carriers that are closer to the 
passenger.  
There are different possibilities to determine the position of an object taking into account, for 
example, the radius to be covered. The location place is the inside of a building, what means 
that other important aspects must be considered.  
Next, the possible technologies to be used as well as the methods to calculate distances from 
the carriers to the fixed nodes are explained. Of among all the possibilities analysed the most 
convenient one will be chosen having into account the characteristics of every technology, 
every method and the environment. After that, the sensors’ network will be designed, and 
both the fixed nodes and the mobile nodes will be selected. Fixed nodes will send the collected 
information through the sensors until the control centre, which will show the data on smart 
devices application.  
 
5.1. Positioning methods [15] 
 
Locating methods are distinguished between them mainly in the magnitude measured to 
calculate the position of the object to be found. Reading the collected data it can be 
determined the distance from the object to the fixed node, in this case carriers. These 
magnitudes are usually the time of arrival (TOA), the Round Trip delayed Time (RTT), the Angle 
of Arrival (AOA) and the Received Signal Strength Intensity (RSSI). 
 
5.1.1. Time of arrival (TOA) 
The time of arrival is the time that a radio signal lasts since it is sent until it is received by the 
receptor device. When the signal is emitted, a timer is activated and it stops when the receiver 
detect the signal. For that, both sensors must be synchronized. As the propagation velocity of 
the signal and the TOA are known the distance from the fixed node to the carrier can be 
computed.  
It is necessary the intervention of at least four nodes to locate a carrier, but the more nodes 
the best. Known the first distance the node will trace a sphere around it, combined with a 
second sphere from a second node the possible locations will be reduced to a circumference. 
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The third node will determine two possible points, and finally, the fourth one will give the 
exact position. This geometric method is known as trilateration, a scheme is shown below. 
 
Figure 23: Scheme of the trilateration process. 
 
Nevertheless, this method has some inconvenient, such as the TOA can be affected. In a first 
place, if the fixed and the mobile nodes have not line of sight the signal will need more time, 
and the more time the longer distance computed. Another possible problem would be the 
wrong synchronization between transmitter and receptor. The timer could start counting 
earlier or stop too late. The fact that the signal travels at the light speed means that with a 
mistake of a few tenths of second the distance obtained will be notably different from the real 
one. 
A solution for this problem is to measure not the time of arrival but the Time Difference Of 
Arrival (TDOA). The trace of the measure of this magnitude gives as a result hyperboloids 
instead of spheres. In this case the used method is named multilateration, every new trace 
draw a hyperboloid that reduces the possible locations. The use of these curves generates 
small corrections that improve the accuracy. 
In both methods it is necessary the synchronization of fixed nodes, but using TOA the 
synchronization with the mobile nodes is also needed. 
 
5.1.2. Round Trip delayed Time 
The RTT is the time that a transmitted signal takes to go until the receptor and go back. 
Therefore, it is the propagation time of a same signal between two points. In this method, the 
packet process time once it gets to the receiver has to be considered, it must be constant and 
known. To compute the final distance, first of all, the process time will be subtract from the 
total trip time, and then divided into two.  
To achieve high accuracy, largest bandwidth and multiple channels will be required. And the 
fact that the nodes are not synchronized increases the complexity remarkably. Additionally, 
RTT usually present random behaviour due to error introduced by electronics, although these 
errors can be reduced by statistical estimations.  
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As TOA method, the traces are spheres, so in this case four nodes are also needed to locate a 
carrier, using trilateration method. 
 
5.1.3. Angle of Arrival (AOA) 
To perform this method two antennas are needed. Once the incident angles of the signal are 
known, and the distance between the two antennas, the position of the mobile node is 
obtained.  
The Theorem of Sines is an equation that relates lengths of triangles’ sides to the sines of their 
angles, then, the distance of the mobile node to any of the antennas is got.  
  




For this method it is necessary the line of sight between nodes, as if the signal rebounds on 
objects or walls it will arrive to the receiver with a different angle, so the real position would 
not be possible to find. To solve this problem, it would be necessary to add more than two 
antennas to get higher accuracy. In addition, this method requires modifications as antenna 
arrays should be added to the fixed nodes 
 
5.1.4. Received Signal Strength Intensity (RSSI) 
This last method is based on the measure of the arrival power of the transmitted signal. When 
a radio signal is propagated, it suffers attenuation until it gets to the receiver. The longer 
distance between devices the lower power is received. Since the power of the signal when it is 
sent is known, and so when it arrives, and the distance between fixed nodes, the distance data 
can be obtained easily converting the difference between both values (RSSI1 and RSSI2). This 
parameter can be measured in different units but the most used ones are decibels.  
There are two mathematical methods to calculate the position. The first has been explained 
previously and it is the trilateration method. The second one is based on fingerprintig [18]. In 
the locating process by tracking the fingerprint, the RSSI value of the beacon with unknown 
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location is compared to locations of the fixed nodes stored in a database. The main drawback 
occurs if there are changes in the environment.   
 




This localization system is one of the most popular and its implementation one of the cheapest 
in the market. Therefore, it has a big acceptance as a solution for inside localization. Although 
it does not require line of sight between nodes, RSSI is directly linked to the environment in 
which the wireless network is, as the power level is affected by the walls or obstacles found in 
the path of the signal. To avoid this problem some mathematical algorithms must be applied, 
but they increase the complexity of the system.    
Considering every characteristic of the mentioned methods, at Songshan Airport would be 
implemented the one based on RSSI calculation by trilateration.  
 
5.2. Localization technologies 
An interior positioning system is a network composed of sensors that locates fixed or mobile 
objects or people from the known position of the fixed nodes. 
Systems used for external positioning such as GPS are not suitable for locating in enclosed 
spaces, because the signals from the satellites have not enough power inside buildings. 
Besides, there other problems to be solved like multipath or no line of sight condition. For this 
reason, it is necessary to study other technologies to develop the carrier positioning system.  
The election will be between methods based on radiofrequency since due to their 
characteristics these are the most suitable for inside location and currently, they are at their 
peak. Radiofrequency is an electromagnetic wave whose spectrum is between 3 kHz and 300 
GHz. It works by antennas and frequency spectrum that receive transmitted signals. 
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Among all the possible options, only ZigBee, Bluetooth, Wi-Fi, RFID and UWB characteristics 
are presented.  
 
5.2.1. ZigBee 
ZigBee is a set of high-level wireless communication protocol based on IEEE 802.15.4 wireless 
networking standard that is used for data broadcasting. It is characterized by its great energy 
savings and the low cost of its implementation compared to other technologies. It is specially 
used in processes that do not require high data rates. 
This technology uses ISM band (Industrial, Scientific and Medical), booked to non commercial 
use, and it has 16 channels in 2.4 GHz frequency bands, each one with 5 MHz of bandwidth. To 
avoid collisions during the transmissions it uses CSMA/CA (Carrier Sense Multiple Access with 
Collision Avoidance) protocol, which is a network access control protocol that allows multiple 
computers to use the same communication channel. 
 
5.2.2. Bluetooth 
Bluetooth, as ZigBee, is a specification for Wireless Area Network (WPAN) that allows data and 
voice transmission in the 2.4 GHz ISM band. This communication protocol is low-cost and lox 
consuming and requires devices to be in a short range, depending on the transmission power 
(optimum range of 10 m, but it could reach 100 m using repeaters). 
The transmission rate is 720kbits/s, higher than ZigBee rate, although for the application that is 
going to be implemented this would not be an aspect to take into account when choosing 
technology since it is not necessary to send high data rates.  
 
5.2.3. Wi-Fi 
This wireless device connection mechanism is based on the IEEE 802.11 standard. It operates 
in the 2.4 GHz band, with a speed of up 300 Mbits/s (IEEE 802.11g). Currently, the IEEE 
802.11ac standard, which operates in the 5 GHz band, is already being handled. The fact that 
the use of this band is relatively new makes other technologies like ZigBee or Bluetooth do not 
use it, so there is not too much interference, although an increment in frequency means a 
reduction in range. The popularity and the lox costs of Wi-Fi networks are a great incentive for 
use it as indoor location systems. 
The use of this technology requires the configuration of nodes. The precision in the location 
will depend on the number of positions that are introduced in the database. Typically, it will be 
between 1 m and 5 m, depending on the quantity of RF transmitters in the same area, the 
complexity of the environment and the average time. The main location methods that Wi-Fi 
uses are RSSI, fingerprinting and tangle of arrival. 





This is an identification system based on the transmission of a RF signal from and emitter to a 
reader. It works in 868 MHz frequency bands, although ISM band is also used (2.4 GHz). It uses 
remote devices such as cards, transponders or RFID tags. These labels can be stock on luggage 
carriers and they add antennas that can send and receive requests. These markers can work by 
batteries or through electrical energy given by the interrogation signal. Depending on the 
supply they will reach more or less distance, between 10 m and 100 m the first ones and until 
4 m the second ones. The RFID reader receives identification codes from nodes whose position 
is known and the location is calculated from RSSI values. 
The main advantage is that it does not need line of sight. But, as the readers are quite 
expensive, the use of this technology would suppose a great initial budget for their distribution 
along the terminal. In addition, if two readers were used at the same time for the same RFID 
card this would not be able to give right information as they are not able to answer to two 
requests.  
 
5.2.5. UWB (Ultra Wide Band) 
Technologies that work in this frequency band can emit data packets at 480 Mbits/s over short 
distances. UWB can use bands ranging from 3.1 GHz to 10.6 GHz. Each radio channel has a 
width of 500 MHz. The main advantages are the low consumption, low cost and high 
productivity. Besides, UWB allows reusing the spectrum, so UWB wireless networks can make 
use of the same channel without interference.  
Once the characteristics have been analyze, the one chosen is ZigBee.  
 ZigBee Bluetooth Wi-Fi RFID UWB 
Standard IEEE 802.15.4 IEEE 802.15 IEEE 802.11 ISO 14443 
ISO 18000-6 
ECP   
IEEE 802.15.4a 
Topology All Star All All Star 




1 Kbps – 10 
Mbps 
110 Mbps – 1.6 
Gbps 
Reach  10-75 m 1-100 m 1-30 m Ac. 10 m  
Pas. 1 m 
 
Consumption Very low Low High Low Low 
Bandwidth  5 MHz 2.4 GHz 2.4 GHz  
5 GHz 
2.4 GHz 3.1-10.6 GHz 
Number of 
nodes 
65000 8 32 - 128 





6. Sensor network design 
 
To end with the implementation of the network sensor at the airport, having into account the 
method and the technology chosen, some sensors will be distributed along the terminal 
considering the distance they can reach, without losing effectiveness.  All fixed nodes will be 
supplied by electrical energy. On the other hand, the nodes at the carriers they will use 
batteries. 
The sensor network will consist of three different types of nodes. On one hand, the moving 
sensors added to the carriers which will calculate the position. On the other hand, the fixed 
ones will measure RSSI values and they will be the references for blind nodes. The Gateway is a 
fixed node that will receive all data and will send it to control centre.   
The topology of a ZigBee network could be star, mesh or tree. In this case, it will be a mesh 
network. 
 
6.1. Physical network  
 
For the sensor development the CC2431DK kit from Texas Instruments will be used [16]. This 
kit consists of the next components:  
 2 x SmartRF04EB 
 10 x SOC_BB (Battery Board) 
 2 x Evaluation Modules CC2430EM 
 10 x Evaluation Modules CC2430EM 
 12 x 2.4GHz Antennas 
 2 x USB Cables 
 1 x RS232 Serial cable 
 1 x 10-Wire flat cable for using SmartRF04EM as emulator for external target systems 
 1 x Quick start guide 
  
Figure 26: SmartRF04EB with CC2430EM and Battery Board with CC2431EM. 
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The function of the reference nodes will be to provide their location to the mobile nodes when 
they require them. That is, they will just store their coordinates and transmit the location of 
the beacons to the control centre once calculated, so the amount of data sent will be much 
lower. 
The mobile nodes to be able to calculate the position from the RSSI values should integrate the 
localization engine CC2431. These will communicate with the nearest reference nodes, at least 
three, from which they will get a packet with the RSSI value and the reference X and Y 
coordinates. A single beacon can use up to 16 reference nodes to locate. 
The positioning process will be separated into three phases. In the first phase the mobile node 
sends a signal to know the location of all the fixed nodes that are in the transmission radius. 
The fixed node, from the received packets, must then calculate the average RSSI of the 
different packets it has received. In the second phase the mobile node requests the calculated 
RSSI value. In the last phase, the position is calculated and sent to the Gateway node. 
 
6.2. Fixed nodes position  
 
Next image show the measures of terminals 1 and 2 of the airport.  
 
Figure 27: Measures of the terminal building. 
 
Since to obtain a good result in the location of the carriers it is convenient that the reference 
nodes are separated by 10 m, the following image shows the distribution of the network, in 
which the yellow node is the Gateway and the blues the fixed nodes. A total of 76 sensors will 
be needed.  
 




Figure 28: Distribution of the sensors network. 
 
Although the building has three floors, the second and the third one are destined to 
departures, so carriers are not used in these floors. Therefore, the implementation of the 
location nodes would only be used in the first floor.  
 
 
6.3. Calculation of the approximated budget 
 
The calculation of the budget can be an unrealistic value, since it is not possible to calculate 
the price of the auxiliary materials, the design and development of the project or the labour 
necessary to carry out the implantation of the fixed and mobile sensors. However, on the 
website of the distributor of the kit, it can be found that 100 units of this one cost 30101 TWD, 















This project has exposed the concept and characteristics of smart technologies and their 
implementation in the airport area, in particular, and has developed the idea of a new 
application in this environment. 
The development of an application able to locate the luggage trolleys inside the terminal of the 
Taipei Songshan Airport has been proposed. This technology is based on ZigBee and the RSSI 
values of the signals, and through sensors with locating motors built in the carriers, their 
position is calculated and the data sent to the control centre through the network of fixed 
nodes.  
It must be taken into account that indoor the location is more complex and a suitable 
technology must be chosen to be robust and so factors such as reflection of the signals or 
obstacles in paths can be counteracted. In addition, for the location of a single car, at least 
three reference nodes are required, and up to 16 according to the characteristics of the chips 
in the mobile nodes.  
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